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‘The Specialised Tube.” 


L Condenser Tubes 
in Brass, 


Admiralty Brass, 


Aluminium-Bronze, 


Cupro-Nickel, 


(80/20, 70/30, 60/40) 


Deliveries from 


Nothing but Tubes” 
COPPA WAORCS 


ENGLAND. 
Telephones : 20031. Telegrams : “ Tubes, Leeds.” 
LONDON OFFICE: 53, New Broad Street, E.C.2 
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TRADE MARK 


Ash Handling Applications 


| 


PREHEATERS | ECONOMIZER 


No.4 


SELF- 
CONTAINED 
TOTALLY 
DUST 
REMOVAL 
PLANT 


HANDWHEEL 


The removal of soot and dust after collection 
from the various points of accumulation ina 
Boiler House requires careful consideration 
and specialised design if clogging of the dis- 
charge pipes and leakage either of air into 
the Boiler or dust to atmosphere is to be 
avoided. 


The use of our Feed-Plate Soot Valves posi- 
tively prevents clogging and provides a system 
having perfect flexibility from an installation 
point of view, since no limitations are imposed 
on the layout of the discharge lines, which can 
be led horizontally or around corners and do 
not have to slope at any minimum angle. 


From the discharge openings of the dust 
hoppers to the final point of disposal the 
system is totally enclosed, thereby ensuring a 
clean and dust-free Boiler House. 


The cutting above indicates one method of 
installation in conjunction with the Hydro 
Jet System of Ash Handling. 


DISCHARGE TO SUMP 


Specify 


THE ASH COMPANY (London) LIMITED 
bl 63, Lincoln’s Inn Fields, London, W.C.2 


Products 
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SHIP-UNLOADING, 4 AND PLANT. 


ST. GEORGES BAY POWER STATION, ATHENS. 
FOR THE POWER AND TRACTION FINANCE COMPANY. 


OveR 400 MITCHELL PLANTS 
ARE TODAY HANDLING COAL, 
ASH, SAND, CEMENT, ORE, 
LIMESTONE AND SIMILAR BULK 
MATERIALS. 


THIS WIDE FIELD OF EXPERIENCE 
IS AT YOUR DISPOSAL FOR THE 
HANDLING OF MATERIALS IN 
WHICH YOU ARE INTERESTED. 


Weighing, discharging, elevating Complete Coal Unloading, Storing 
and transporting coal by ropeway and Reclaiming Plant for the 
across the river to Ribble Power Peterborough Corporation Electric 


Station, Preston. Supply. 


COMPREHENSIVE COAL SYSTEM. 


UNLOADING—STORING—RECLAIMING AND’ CONVEYING WATER-BORNE AND RAIL-BORNE ane AT 
FERRYBRIDGE POWER STATION FOR THE YORKSHIRE ELECTRIC POWER COMPANY 


THE 


MITCHELL CONVEYOR CO. LTD. 
ATLANTIC HOUSE, 45-50, HOLBORN VIADUCT, LONDON, E.C.1. 
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NOT LUXURY 
BUT 
NECESSITY 


6-wheel Trolley Bus supplied by The English Electric Co., Ltd., to 
Bradford City Tramways equipped with Westinghouse Air Brakes. 


THE 


[WESTINGHOUSE] 
BRAKE 
FOR TROLLEY BUSES 


and any power-driven vehicle 


Send for Catalogue D.P. 13k (Pressure Brake) 
or D.P. 16f (Vacuum Servo) 


The Westinghouse Brake & Saxby Signal Co., Ltd. 
82, York Road, King’s Cross, London, N.1 
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INSURE YOUR ENGINES! 


During its continuous circulation 
the lubricating oil in Engines is liable to 
become contaminated with dirt, grit, 
water, metal particles, dust. etc. If these 
impurities are continuously removed by 
tne De Laval Bye-Pass System the wear 
of the bearings will be greatly reduced, 
the periods between overhauls will be 
considerably extended, and the risk of 
breakdown and shut-down through faulty 
lubrication practically eliminated. 


In those cases where design of the 
engine does not permit of the use of 
the continuous clarification system, suit- 
able De Laval Plant is: available for 


batch purification of lubricating oil. 


Additional advantages are also 
secured by purifying the fuel oil used 
in Diesel Engines, the removal from 
which of water and solid impurities 
results in better running of the engine 
and less wear of valves, cylinders, etc. 


ALFA-LAVAL COMPANY LTD., 


34, Grosvenor Road, LONDON, 


One of the many De Laval Purifiers which have been installed on the S.W.1. 
continuous Bye-Pass System by the London Power Company. 


“DAVY” HYDRAULIC MACHINERY, 
ROLLING MILL PLANT & STEEL WORKS MACHINERY 


HYDRAULIC PRESSURE PUMPS Our experience as 


OF THE THREE-THROW SINGLE-ACTING TYPE Hydraulic Engineers extends over 60 years of 
FOR PRESSURES FROM 500 LBS. UP TO THE satisfactory service. 
HIGHEST REQUIRED. 


HYDRAULIC ACCUMULATORS 


OF ALL TYPES AND SIZES. 


HYDRAULIC PRESSES 


FOR FORGING, FLANGING, EXTRUSION, CABLE- 
COVERING, LEAD PIPES, ETC. 


HYDRAULIC OPERATING VALVES 


OF NEW IMPROVED DESIGN. 


ROLLING MILLS & ACCESSORY 
MACHINERY 


STEAM HAMMERS oF ait tvrts. 
STEAM BOILERS of tHe LANcasuire, 


CORNISH AND VERTICAL TYPES. 


DAVY BROTHERS L"” 
Established 1830 SHEFFIELD, England. 


200-H.P. Hydraulic Pump. 
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High Tension Terminals & Bushings 
for Indoor and Outdoor Service. 


Condenser or Bulk Type Paxolin Insulators and Bushings for all 

voltages are manufactured to standard or special designs to meet 
every condition of service, and are supplied complete with 

metal fittings ready for assembly on transformers and oil 
circuit breakers, 


Mica 
from our own Mines 
in India and other 
sources of production. 
Large and comprehensive 
stocks held in London, in- 
cluding all grades and 
qualities of Raw Mica, 
Splittings, Block, machined 
or made-up Mica in the form 
of Discs, Washers, Commutator 
Separators, Condenser Plates, etc, 


Paxolin 


the leading Bakelite Varnish-Paper Insulation, 
Micanite Supplied in the form of Boards, Panels, 

Tubes, Cylinders, Insulators and Bushings. 
the World’s standard built-up Mica Paxolin Insulation is eminently suitable 
Insulation. 


for use under hot oil in transformers 

and switchgear, and maintains its 

high electric strength at high 
temperatures 


Manufactured and supplied in every 
commercial form including Commu- 

tator and Moulding Micanite, Flexible 
Micanite, Mica Tape, Micafolium, Heat- 
Resisting Micanite, Commutator Rings and 
Tubes. 


Empire Cloths & Tapes 


Highest grade Varnished Cloths and Cambrics, yellow 
or black, Bias Cut Tapes, sewn or seamless, Varnished 
Silks, Papers and Canvas of every description are stocked 
to meet all requirements. 


132 kV. Outdoor 
Condenser Type 
Transformer Bushing 


for the Grid Scheme. 


Empire Varnished Cotton or Silk Tubing 


specially designed and manufactured to maintain its flexibility, 
elasticity and strength. 


Leatheroid, Vulcanised Fibre, Presspahn, 
Adhesive Tapes, &c. 


The Micanite & Insulators 
Company, Ltd., 


Empire Works, Walthamstow, 
London, E.17. 


Telegrams: Telephone: 
\ ** Mytilite, Phone, London.”’ Walthamstow 2001. 
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FE. N. MASON & SONS LIMITED 


THE MANUFACTURING DRAWING OFFICE STATIONERS 


THE ARCLIGHT ELECTRICALLY-HEATED CONTINUOUS, 
PHOTO PRINT DRYING MACHINE. 
NEW MODEL 


INCORPORATING UNIQUE AND IMPORTANT FEATURES. 
THE MACHINE OF THE FUTURE. 


FEATURES OF THE NEW MODEL INCLUDE: 
(1) SELF TRACKING Conveyor Bands (patent applied for). 
(2) Grease Gun Lubrication throughout. 
(3) Direct-Coupled Power and Reduction Gear Unit. 


(4) The Drum Ends are made of Double Plates with 14 inch Air Space between. This 
conserves the Heat, thus increasing the Drying Speed. 


(5) Double Single-Acting Inspection Doors at both ends, allowing for Quick Cooling 
Down when required. 


(6) Perfect Drying and Ironing between the Double Conveyor Bands, and Positive 
Delivery. 


ARCLIGHT WORKS, COLCHESTER, ENGLAND. 


LONDON — BIRMINGHAM — MANCHESTER — NEWCASTLE.-ON.TYNE. 
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STRATHCLYDE PAINT Co. 


| Manufacturers of 


LEADS, PAINTS, COLOURS & VARNISHES 


Specialists in Paints for 
MACHINE TOOLS and all kinds of MACHINERY 


Puralb ” Strathclyde ” Strathclyde ” 
White Lead Enamel Filling up & Anti-corrosive 
Substitute. Dull Steel Grey Paints. Oxide Paints. 


Contractors to Home & Colonial Governments, leading 
Railway Co.’s, Car. & Wagon Builders, Engineers, &c. 


STRATHCLYDE WORKS, DALMARNOCK, GLASGOW. 


Magnet wire unaffected 
temperature up to 150° 


Lewbestos insulated 
wire is unequalled 


for use in the manufacture and repair of coils for traction, 
mining and mill motors; lifting magnets and all apparatus 
subject to severe temperature rise. 


Withstands a test pressure of 1,000 Volts between turns 
after long period working up to 150° C. (302° F.). 


LEWBESTOS is a pure Asbestos Fibre Insulation specially 
treated to remove all impurities, and it is moisture-proof 
and tough, but in spite of its toughness it will not crack 
or break on sharp bends. 


LEWBESTOS 


REGD. 
PURE ASBESTOS FIBRE INSULATION 


THE LONDON ELECTRIC WIRE COMPANY AND SMITHS LIMITED 
Church Road, Leyton, London, E.10. 


Telephone :—Walthamstow 2531. Telegrams :—Lewcos, Phone, London. 


Trade Counter and Cable Sales: 7, Playhouse Yd., Golden Lane, London, E.C. 1. 
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LL 


ENTIRELY 
AUTOMATIC 


All Motor Users should write for New 
Catalogue (7th Ed.), containing much 
Technical Data. 


ADVANTAGES : 


Ensure Easy Starting of Motor against Full Load. 
Reduce Initial Cost of Motor and Switchgear. 

Reduce the Starting Current Consumption. 

Fast and Loose Pulleys Entirely Dispensed with. 
Reduce Wear and Tear of Motor and Driven Machine. 
Safeguard the Motor from Breakdown due to Overload. 


Sir Largeal Firme throughout the World, nd 
Thomas Broadbent & Sons, Ltd., Hudderstield 


15810 Lives). Pioneers and Original Makers of Centrifugal Clutches. 
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USE 


THE POPULAR PAIR 


LIGHT WITHOUT GLARE 


PEARL anp 
OPAL LAMPS 


OBTAINABLE 
WHEREVER ELECTRIC LAMPS ARE SOLD 


SIEMENS ELECTRIC LAMPS AND SUPPLIES LTD., 38-39, UPPER THAMES ST., LONDON, E.C.4 
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Queen’s House from Lincoln’s Inn Fields. 


All rights republication, including translation of articles, are reserved. 
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3 Core & Windings of a Transformer for the “ Grid.” This is a 132 kV., 15,000 kV A., 3-phase 
unit with 5-limb core. It is now operating on the Central Scotland Scheme. 
fa 
= 
i 
Transformers for Secondary Transmission Lines of the Central Electricity Board. These are 
33k V. units; that on the left is a complete 5,000 kV A transformer with On-load T'ap-changing Gear, 
while the Core and Windings are of an exactly similar unit of 7,500 kV A. 
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PROGRESS. 


Whatever the deficiencies of the past 
year may have been, certain redeeming 
features stand out prominently against 
the somewhat dark background with 
which it is generally depicted. The 
Electricity Act and the ensuing National 
Electricity Schemes have not lacked 
criticism, but none connected with the 
technical side of the electrical industry 
will deny that these schemes have given 
an impetus to the perfecting and general 
expansion of electrical manufacture in 
this country. Large electrical plant in 
particular has been developed to an extent 
which enables the British manufacturer 
to compete with full confidence for the 
equipment of the largest and most modern 
schemes of electrical development in any 
part of the world. 


The English Electric Company may 
justifiably claim to have made marked 
progress in all branches of its activities, 
and the succeeding pages give a general 
indication of what has been accomp- 
lished in the field of transformer 
production alone. Transforming and 
allied apparatus of every type and 
size, and for every voltage and class 


an 
. 
Vol. V. Nov | 
| 
| 
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of service are now being handled, not only 
in considerable volume, but also with the aid of 
the most up-to-date equipment and manufac- 


turing processes. 


Many of the largest units are for Electricity 
Schemes in this country and abroad, for which 
also important High-voltage Switching Equip- 
ments are being manufactured on as large and 
diverse a scale. In a subsequent issue we hope to 
publish particulars of some important installa- 
tions for 132 kV. and lower voltages that are now 
being prepared for service. 


Within the limits of this editorial, mention may 
be made only of the Company’s heavier products, 
but this would not be complete without some 
indication of what has been achieved in the 
Power Station field. Of the many large steam 
and water-power plants supplied, two may be 
singled out as representative and of special 
interest. 


THE ENGLISH ELECTRIC JOURNAI. 

The largest 3,000 r.p.m. steam turbo-alternator 
set in this country has recently been under steam 
in the power house of the West Ham Corporation ; 
this is one of the Company’s 30,000 kW. 
multi-cylinder sets, for the installation of which 
Mr. F. W. Purse, M.I.E.E., was responsible before 
his appointment as Chief Electrical Engineer to 
the London and Heme Counties Joint Electricity 
Authority. 


The completion of the tunnelling work in con- 
nection with the Lochaber Hydro-electric Scheme 
of the British Aluminium Company and its asso- 
ciates has recently directed public attention to 
that important enterprise. The main power 
station plant, comprising some 50,000 h.p. of 
water turbines and electric generators of special 
design, has been manufactured by this Company, 
and has undergone its introduction to service with 
most satisfactory results. The switching installa- 
tion has also been supplied by this Company. 


A ‘High-Voltage Testing Laboratory. 


The complete ** English Electric’ 
advanced installations of its type yet constructed. 


equipment described below is in many ways one of the most 
It has been erected in the Cable Testing Department 


of Messrs. Siemens Brothers & Co., Ltd., at Woolwich. 


The great development in the size and scope 
of electricity supply schemes and the general 
use of much higher voltages has led to completely 
new problems for the cable manufacturer and 
a rapid development in the technique of cable 
construction, with a corresponding demand for 
more thorough testing and research. 

The plant to be described has been designed 
for the testing of single-core cables for working 
at pressures up to 76 kV. to ground, i.e., on 132 
kV. 3-phase systems, and of three-core cables 
which will operate at 66 kV. between cores. 

Unlike most H.V. testing equipments, those 
used for cable work are far more concerned with 
measurements than merely with breakdown 
tests. The present plant is, therefore, designed 
for making measurements up to 100 kV. and 
other testing, breakdown, flashover, ete., up to 
450 kV. 


On account of the necessity for accurate 
measurement of small losses at very low power 
factor, the voltage wave form must be kept free 
from harmonics, and this makes it desirable that 
the whole plant including the source of supply 
should be designed as one unit. 

The Testing Department has three enclosed 
areas surrounded by expanded metal screens 
7 ft. high, with one gate only to each area. The 
large central area contains all the H.V. apparatus. 
The end compartment adjacent to the H.V. 
transformers forms the sample-testing area in 
which breakdown and flashover tests are con- 
ducted, and contains a pit for steam-heated oil 
tanks. The other end compartment is for 
routine and cable heating tests carried out on 
drums of finished cable which may be either 
on the floor, supported on insulated’ trestles or 


immersed in steam-heated tanks. There is also 
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provision for testing lengths 
of cable buried in an out- 
door concrete trench, which 
may be filled in with soil of 
various kinds. 

One side of these enclo- 
sures is bounded by the wall 
of the building. Along the 
other side is a gangway from 
which the testing staff may 
read the various  instru- 
ments within the enclosure, 
either by means of tele- 
scopes fixed to the screen, 
or on ‘transparent scales 
from reflecting instruments. 

Between the gangway 
and the outer wall are the 
Machine Room, Regulator 
Room, Dark Room, and Stores, above which are 
the Control Gallery and Office, from which the 
whole of the testing areas can be viewed. 

Fig. 1 shows a general view of the testing area 
from the Control Gallery. 

Power is furnished by a 525-kVA., 550-volt, 
single-phase alternator, driven by a three-speed 
A.C. motor, which permits the frequency to be 
50, 37°5 or 25 cycles per second. By making 
tests at these frequencies it is possible to deduce 
the performance of the cable at any commercial 


Fig. 2. 


Potential Divider for Voltmeters. 


Fig. 1.—General View of Equipment from Control Gallery. 


frequency. 
provided. 


A separate motor-driven exciter is 


The alternator was specially designed to give a 
good wave form, and special precautions were 
taken to suppress the principal harmonics which 
are introduced by the varying permeability of the 
cores of the testing transformers during each 
cycle. The capacity load of cable testing intro- 
duced another problem, and the field strength 
was proportioned to maintain stability under 
these conditions without danger of self-excitation. 

As the stability of the equipment is greater when 
the alternator field is maintained at its normal 
value, the voltage applied to the primaries of the 
testing transformers is varied from 0 to 1,100 
volts by means of an auto-connected induction 
regulator through which the supply is taken. 
Experience has shown that the wave form is not 
distorted by the * English Electric ” 
induction regulator. The regulator is motor- 
operated with control, and_ interlock 
contacts prevent the transformers being connected 
in circuit unless the regulator is in the position 
for minimum voltage. 


design of 


remote 


Fig. 5, reproduced from 
an oscillograph film taken on a capacity load, 
shows that the problem of retaining a practically 
pure sine wave has been met successfully. 

The transformers are of a design specially 
developed by the English Electrie Company for 
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H.V. testing. The H.V. winding is of paper- 
insulated wire specially treated during manu- 
facture, and the main insulation is fullerboard ; 
the bushings are of the condenser type. 

For making pressure measurements alternative 
equipments are available. A horizontal sphere 
gap, having 500 m.m. duralumin spheres, is 
motor-operated from the control desk where a 
counter shows the separation of the spheres in 
millimetres; a check scale is provided on the 
base of the sphere gap. 

Although the sphere gap is a standard method 
of measuring high voltages, it is subject to certain 
vagaries when used under conditions which are 
not ideal. Direct-reading instruments are, there- 
fore, used for both effective and crest values of 
voltage. The type chosen has a potential divider 
consisting of a series of metal coated porcelain 
condensers. A large diameter guard plate, on 
the top, serves to equalise the potential across the 
individual sections. The potential divider is 
illustrated in Fig, 2, and Fig. 3 is the connection 
diagram. In the base is a mica condenser 
having an electrostatic capacity that is large 
compared with that of the porcelain con- 
densers, and across this mica condenser is 
connected an electrostatic voltmeter. Crest 
voltage is measured by the striking voltage of a 
Neon tube shunting a variable condenser across 
the same terminals as the electrostatic voltmeter. 
This system of voltage measurement is in- 


m nr 


G=NeonTube. T = Telephone. 
M = Earthed Screen. 


Fig. 3.— Voltmeter Connections, 
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Pigs. 4 and 5.—Oscillograph and Portion of Film 
taken under Working Conditions. 


dependent of atmospheric conditions and dust 
accumulation, which have a marked effect on 
sphere gap measurements. 

An oscillograph is provided for observation and 
recording of wave form up to the limit of the 
measuring instruments, i.e. 100 kV. The vibra- 
turs are contained in the porcelain structure 
shown in Fig. 4, and the cinematograph film 
camera, automatic-feed are lamp, and observation 
mirrors are on the safe side of the fence. Fig. 5 
is reproduced from a portion of film taken under 
working conditions. 

High-voltage tests can be applied in this 
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Fig. 6.—** Resistance Measuring Cupboard.” 


equipment, to cables which are carrying a current 
corresponding to their working or other load. 
For this purpose there is a loading transformer 
of 50 kVA. having an output of 300 amps. at 
167 volts, and with its secondary winding in- 
sulated for 100 kV. earth. The cable 
current led through  “ Resistance 
Measuring Cupboard ” (Fig. 6) which con- 
tains a 2-volt heavy traction type 
accumulator together with a standard -01 
ohm shunt, hot-wire ammeter and _ volt- 
meter, a reflecting galvanometer insensitive 
to commercial frequencies, a_ reflecting 
astatic wattmeter, and switching arrange- 
ments. It is possible with this arrangement 
to compare the 
across the cable and shunt, and so plot the 


from 
is 


Cable 


galvanometer deflection 


An important item in testing cables for very 
high voltages is the measurement of dielectric 
losses. This is really of far greater importance 
than breakdown tests on samples, and can be 
carried out on the complete cable ready for 
service. Appreciable increase in dielectric loss 
with increased temperature, the loss not returning 
to its original value when the temperature is 
reduced, or increased dielectric power factor 
with increased applied voltage, would all 
point to ionisation or other troubles which would 
render the cable unsatisfactory in use. Losses 
in the dielectric cause the leading power factor 
to be slightly above zero corresponding to the 
small watt component of the current. The 
power factor and the losses to be measured are 
so low that every care must be taken that they 
are not modified in any part of the circuit or in 
the measuring apparatus if accurate values are 
to be obtained. 

Two methods have been included for measuring 
the dielectric loss— 

(i) Duddell-Mather Wattmeter. 
(ii) Schering Bridge. 

Until recently the wattmeter was the only 
method of loss measurement, but the difficulties 
of measuring losses at a power factor of -004 are 
enormous, as the phase angle is less than 0°14’ 
from true quadrature. It is obvious that potential 
transformers are useless as the phase angle is 


temperature rise of the cable against time. 
Also the true watts may be read and the 
eddy and sheath losses deduced. Much 
valuable information can, therefore, be 
gained under working conditions. Fig. 7 
shows the connections; the two instru- 
ments in the centre are the wattmeter 
and the galvanometer. 


S P Tronsformer 


Fig. 7.—Diagram 
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To Case 


of ** Resistance Measuring Cupboard ” for Cable 
Loading. 
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normally about double this amount and the loss 
reading may be as much as three times too high, 
or actually reversed, according to whether the 
wattmeter current coil is in the H.V. or earth end 
of the transformer. For this reason Mather 
woven-gauze resistances have usually been used 
for H.V. wattmeter potential dividers. Self- 
capacity in the resistance, and capacity to earth, 
have led to other phase angle troubles, so that 
even this was not a complete solution of the 
problem without very special precautions. It was 
found that much of this phase displacement was 
caused through capacity coupling, due to the 
resistance gauze being mounted on angle-iron 
framework in steel tanks. The English Electric 
Company evolved a design in which teak wood 
supports and a circular bakelised paper tank 
are used, and the only metal is the resistance 
wire and terminals. Fig. 8 shows some of the 
four resistance tanks each containing a 
250,000-ohm oil-immersed resist- 
ance. 

The wattmeter is, however. 
only used for routine tests and 


ae 


Fig. 8.—Two of the .25 Megohm Resistances. 


comparative purposes. Accurate ff 
loss measurements are made on 

the Schering Bridge. A diagram 

of such a Bridge is shown on 

page 30 of this number. The -£ 
bridge consists of a “mixed” 

load (capacity resistance), 

with an adjustable pure” 
resistance, balanced against a 

“pure” condenser and adjust- 

able ‘‘ mixed” capacity and [ 
resistance. The needle type 
vibration galvanometer is very 

heavily screened magnetically. 


The ‘ pure” loss-free con- 
denser of concentric 
cylinders with air as the di- | 
electric ; it is designed for use 
up to 120 kV. The castings 
were made, machined and 4. 


consists 


rough machining and the final 
grinding, so that all distortion 
due to casting stresses should 
have time to settle out between 
the various machinings, and a 
permanent laboratory standard 
condenser result. For the same 
reason, glass distance pieces were 
used betwecn the centre electrode 
and its guard rings. The con- 
denser has a capacity of -0001 
micro-farad, and weighs approxi- 
mately 1}? tons; Fig. 9 shows a 
vertical cross section. 

The values in the arms of the 
bridge are so calculated that 
power factor and capacity of the 
dielectric to be measured are 
read direct. Accuracy to within 
radian phase angle is 
obtained, which is 0-25 per cent. 
on a dielectric of -004 power 


were allowed between the first 120kV 


ground to a high degree of 
precision at the company’s 
Rugby Works. Six months Fig. 9.—* English Electric” 


Standard Air Condenser for 


factor. For small angles up to 
about 4°, the sine, tangent and 
radian measure are the same 
to four significant figures ; the 
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Figs. 10 and 11,—200 kV. Direct-current Testing 
Equipment. 

power factor and loss of a dielectric are, there- 
fore, expressed as an angle of displacement— 
decimal fraction of a radian—and this quantity 
is known as the ‘‘ phase angle ”’ of the dielectric. 

Much information can be gained from the 
electrification curves of cables by high-voltage 
direct current, and an equipment for obtaining 
200,000 volts D.C. is included in the testing plant. 
The plant consists of a 5 kVA. Induction Regu- 
lator 550/0-1,100 volts feeding a 75 kV. trans- 
former. Full wave rectification is obtained by 
means of two thermionic valves, and the valves 
are protected against damage by :25 megohm 
“ Silit’’ resistances in the anode circuit. <A 
picture of this equipment is seen in Fig. 10, 
and the connection diagram in Fig. 11. 


As the load at times might be short samples of 
cable or joints, it was necessary to include con- 
densers to smooth out the voltage. These 
100,000-volt condensers are of a special ‘‘ English 
Electric” design, and are mica-insulated and 
oil-immersed. 

All the busbar and switching arrangements had 
to be supported from the floor to allow for the 
overhead crane passing over the testing area. 
The busbars are 2} in. diameter brass tube, with 
8 in. diameter spheres at all connections. Many 
of the connections are arranged to swing round 
for use on either of two busbars as occasion may 
demand. The supports are of bakelised paper 
tube with massive corona rings at each end, and 
the design is such that any flashover takes place 
quite clear of the paper tube. 

All supports, screens, and structural work are 
solidly earthed and control circuits and metallic 
structures containing H.V. apparatus are all held 
at a definite potential. The careful layout of the 
plant and the consideration given to these appar- 
ently minor points has resulted in very quiet 
operation, free from brush discharges. 

A number of red warning lamps are mounted 
on the screens and control panels, and interlocks 
are provided so that it is impossible to close the 
main oil switch until— 

All gates are closed. 

The crane is at the safe end of the test room. 

The busbars are de-earthed. 

The induction regulator is in minimum 
voltage position. 

The alternator busbars are at normal 
voltage. 

remote-controlled, motor-operated, switch 
earths all three busbars, and magnetic bolts make 
it impossible to open the gates until the plant is 
earthed. 

Indicator lamps on the control desk show the 
position of the main induction regulator, and the 
heating load regulator. This latter is equipped 
with alternative automatic control to maintain a 
constant current on the cable without attention. 

It is believed that this is the most complete, 
most flexible, and most up-to-date H.V. cable 
testing equipment at present in existence. 
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Line Surges & their Effect on Transformers. 


The most elementary fundamental theory of 
transformer design shows that the voltage per 
turn is a function of the output and not of the 
line voltage. For many years therefore designers 
calculated the amount of insulation to be used 
between turns on the basis of the voltage per 
turn only, and the value of the line voltage was 
not taken into account. When overhead trans- 
mission began to be used and voltages were in- 
creased, it was found that breakdowns between 
turns of transformer windings became compara- 
tively frequent, and that these troubles usually 
occurred on the turns nearest the line terminals. 
Without knowing much about the causes of these 
phenomena designers began to design the in- 
sulation between turns from the basis of line 
voltage almost ignoring the normal voltage per 
turn; and they also increased the insulation on 
the line turns, grading the amount from a maxi- 
mum on the turns immediately adjacent to the 
line, through approximately 3 to 5 per cent. of 
the total number of turns, to the normal insulation 
in the body of the winding. It was found over 
several years of experience that this practice very 
considerably reduced the troubles due to failure 
of insulation between turns. 

In course of time it became known that the 
above troubles were due to surges generated in 
the transmission line due to switching, arcing 
grounds or lightning, but very little was known 
of the real character or value of such transients. 
It is only in recent years that much practical 
investigation of these phenomena has been carried 
out, and this has only been rendered possible by 
the development of the klydonograph, and the 
cathode-ray oscillograph. The latter was prim- 
arily a laboratory instrument, but the former, 
on account of its very simple construction, was 
suitable for investigating actual conditions on 
transmission lines, and by its use much valuable 
data has been secured. More recently, however, 
the cathode-ray oscillograph has been developed 
into an instrument that can be used in the field, 
with the result that very complete informa- 
tion regarding transient phenomena is now 
available. 


In order to investigate the effects of surges on 
apparatus, particularly transformers, surge gener- 
ators have been built, and at the present time 
it is possible to produce artificially a transient 
wave having the enormous value of five 
million volts. 

Actual tests in the field have shown that 
switching operations rarely cause transient volt- 
ages greater than twice normal, and the maximum 
voltage ever recorded did not exceed five times 
normal, Also it was found that a surge due to 
switching was distributed over the entire trans- 
mission line with very little attenuation, indicat- 
ing that such phenomena are of comparatively 
low frequency. On the other hand it has 
been found that surges induced in transmission 
lines by lightning discharges produce transient 
voltages having crest values as much as fifteen 
times normal, and furthermore that the waves 
are of very steep front, in some cases actually 
attaining the crest value in two micro-seconds. 
Information of this nature recently secured under 
actual service conditions is of enormous value 
in enabling designers to produce transformers 
capable of reliable service on the highest voltage 
systems and under the most severe climatic 
conditions. 

Surges cause flash over of insulators, and on 
account of the difficulties of repair where long 
transmission lines pass through wild country, 
it is the practice to increase the insulation of the 
line to a point where flashover is extremely 
unlikely. Surges induced in the line are not a 
function of line voltage, but they depend to some 
extent on the height of the line. It has been 
found that the use of an earth wire above the 
transmission line materially reduces the surge 
values. If the high insulation of the line is 
carried right up to the transformer terminals 
there is a greatly increased risk of a dangerous 
surge entering the transformer itself. It is 
therefore a very desirable and sound practice to 
insulate the line adjacent to the apparatus to a 
lesser extent than the remainder of the line, since 
this provides a means of relieving the apparatus 
of serious over voltages, and the repair of line 
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Fig. 1.—Capacitances and Inductances in a Transformer. 


insulators at this point can be more readily 
effected. Surges due to lightning being of very 
high frequency, or having very steep fronts, cause 
flashover of weak insulators and consequent relief 
of the line ; a comparatively short length of line 
with reduced insulation adjacent to the transformer 
would give reasonable protection to the latter. 

Even this practice, however, does not screen 
the transformers completely from the effects of 
transient over-voltages, and they must be 
designed to withstand the worst possible con- 
ditions. The reason why a transformer winding, 
when subjected to a surge, has induced between 
its turns voltages much in excess of normal is 
briefly that the winding is not a pure inductance, 
but it has distributed capacitance. In addition 
to the capacitance between turns there is the 
capacitance between winding and core, and also 
between winding and tank. 

The easiest way to understand the theory of 
the effect of surges on a transformer is to consider 
a core type transformer with the neutral solidly 
earthed. Fig la shows the arrangement of wind- 
ings relative to core and tank, and Fig. 16 shows 
the equivalent network consisting of the induct- 
ance of the winding, and the capacitance in the 
winding itself Kw, and alsothe shunt capacitance 
between winding and tank and core Ks. The 
charging currents for all except the first element 
of shunt capacitance must pass through the 


winding, and this is the controlling feature in 
causing uneven distribution of stress when the 
winding is subjected to a high frequency surge or 
one having a very steep front, but it has little 
effect on distribution of voltage at low frequency. 
Could the shunt capacitances be removed there 
would be no additional charging currents to 
flow through the winding, and the stress distri- 
bution would be even. Although the shunt 
capacitances, due to the proximity of core and 
tank to the winding, cannot be removed, it is 
possible to neutralise their effect. Fig. le is 
developed from Fig. 16 by the addition of a 
further system of capacitances Ke, the charging 
currents for which are supplied direct from the 
line. By properly choosing the values of these 
it is obvious that their charging currents can 
be made exactly equal to those of the shunt 
capacitances Ks, with the result that the current 
in the series capacitances Kw will all be equal 
with consequent even distribution of voltage. 
The above describes an ideal state of affairs, 
but recently a design of transformer has been 
produced which goes some way towards this end. 
On the outside of the H.V. winding is placed a 
metal shield embracing a certain portion of the 
winding. It is connected to the line end of the 
winding, and is properly insulated from the re- 
mainder of the winding and ground. This is 
obviously not an ideal arrangement, because it 
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only attempts to neutralise the capacitance 
between winding and tank and has no effect on 
the capacitance between winding and core. 
Moreover, it is an added complication involving 
the insulation of a further member. Although 
it is an ideal scheme in theory it is probable that 
the present common practice of reinforcing the 
insulation between turns is the better scheme for 
all practical purposes. 

As explained in the earlier part of this article, 
for many years transformers have been built with 
the insulation between turns determined on the 
basis of the line voltage, and with considerable rein- 
forcement on the end turns. This has been done 
with only meagre knowledge of the actual 
transient conditions that might arise, but the 
result has been a big improvement in the relia- 
bility of transformers in service. Before trans- 
mission voltages increased to the present high 
values, an arbitrary rule grew up and was specified 
by many engineers that one per cent. of the turns 
adjacent to the line should be insulated to with- 
stand a test of full line voltage for three seconds, 
and that the insulation should be graded down 
through a further four per cent. of the turns to 
that used in the body of the winding. Recent 
investigations have shown that this rule lacks 
practical justification, and on the other hand 
careful research has provided a very sound basis 
for the determination of the best proportioning 
of insulation between turns to withstand transient 
conditions on modern transmission systems. 

Further, research has given ample data regard- 
ingthe characteristics of insulating materials. The 
relation between the ability to withstand repeated 
high frequency voltages, and the strength under 
steady fifty-cycle stress, referred to as impulse- 
ratio, is well known; and the variation of 
dielectric strength with temperature and also 
with time isestablished. With all this knowledge 
of transient conditions, and of behaviour of in- 
sulating materials under test it is possible to 
derive a sound specification for the insulation 
between turns, and tests that are fully suited to 
factory conditions. The following table gives a 
suggested standard, 90° C. being chosen as the 
best temperature because it is about the maxi- 
mum operating temperature of oil in transformers, 
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and ten seconds as a reasonable time for a satis- 
factory test. It is understood, of course, that 
the tests are carried out on sample coils. 


Turns next to Line 
Service 4 he Total Turns Turns 
Reinforced 10 Sec. Test 
| (R.M.S.) Number 10 per cent. 
11 7 5 
33 1:0 25 3°0 15 
66 40 2°8 25 
132 . 66 2.0 33 
220 110 1:0 55 


The above table is intended to apply to reason- 
ably large transformers. If the figures for say 
66 kV. are applied to a very small transformer in 
which there must be a comparatively large 
number of turns, the result is a winding that lacks 
mechanical strength, particularly on the end 
turns which are most likely to suffer under 
mechanical stresses produced by short circuit. 
It is recommended, therefore, that for the smaller 
sizes the insulation between turns should be 
reduced in order to secure the best compromise 
between strength of turns, insulation and me- 
chanical strength of the winding. 

It has been suggested that all transformers 
should undergo in the manufacturer’s works an 
impulse test secured by discharging a condenser 
into the winding, the equipment being designed 
to reproduce a transient condition. In com- 
mercial testing it is almost impossible to produce 
correctly and safely conditions that correspond 
to actual service, or to measure the voltage 
stresses applied; moreover, there is the grave 
risk that some permanent damage may be 
sustained, which may cause a breakdown after 
some period of service. 

From the above it is seen that transformer 
designers now have at their disposal reliable data 
regarding transient conditions that are liable to 
damage transformers, and it has been shown that 
present practice of reinforcing the insulation 
between turns is a satisfactory means of enabling 
transformers to withstand the effects of all 
normal surges. It is suggested that the specifica- 
tion given above provides a means of ensuring 
that transformers are suitably designed from this 
point of view. 
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‘Transtormers 


After a very extensive investigation of the 
operating conditions of a number of high-voltage 
transmission systems in Europe and America, the 
Electricity Board decided that for the conditions 
in England the most suitable pressure for the 
National Electricity Scheme was 132 kV. The 
investigation also included the desirability or 
otherwise of using the solidly grounded neutral 
system, and it was eventually decided to adopt 
this system for the whole of the 132 kV. Grid, 
and to arrange the transformers with graded 
insulation. The illustrations on pages 16 and 17 
show transformers built in the Stafford Works of 
The English Electric Company, and now operating 
at Yoker, on the Central Scotland Scheme. 

These are three-phase units, and the five-limb 
type of core is employed, as shown in the upper 
view of the frontispiece. One advantage of this 
design is that the cross-section of the yokes is 
approximately one-half of what it would be with 
the usual three-phase core ; 
depth of both yokes is also reduced by about 
one-half, and there is a very considerable saving 
in the overall height of the transformer. The 


consequently, the 


Fig. 1.—Two 10,000 kV A, 132 kV, Three-phase Units for the Grid under test at 
In the foreground is the control panel for the On-load Tap-changing 
Gear with Tap Indicator and Out-of-Step Alarm. 


Stafford Works. 


for the Grid. 

main limbs are of a multi-cruciform section, and 
are clamped with a single row of bolts through 
substantial castings, there being a pair of castings 
for each bolt. The frames are built up of welded 
structural steel with a view to obtaining maximum 
strength with minimum weight, and to providing 
the greatest freedom for the circulation of oil, and 
for the bringing out of leads. They are clamped 
to the yokes by five heavy bolts at the top and 
bottom of the cores. 

The windings are arranged in the double con- 
centric manner, the neutral end of the H.V. 
winding, including the regulating winding, being 
on the inside next to the core. Outside this comes 
the L.V. winding, and on the extreme outside the 
main line end of the H.V. winding. This double 
concentric arrangement has the advantage that 
the leakage space between H.V. and L.V. wind- 
ings is divided into two parts, and the ampere- 
turns effective in producing mechanical stress is 
approximately halved with the result that the 
maximum stress produced under short-circuit 
conditions is reduced to a quarter. Also it is an 
economical means of obtaining the desired im- 
pedance and ratio of 
losses with reasonable 
proportions from the 
point of view of trans- 
port. 

Fullerboard is 
for the main insulation, 
which is split up into a 
number of layers be- 
tween which are oil 
ducts, and between the 
H.V. winding and 
yokes the insulation 
consists of washers and 
angle rings. The insu- 
lation between turns is 
designed so that on the 
line turns it will with- 
stand considerably more 
than line voltage for 
three seconds, and from 
this point the amount 
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of insulation is graded until after 5 per 
cent. of the turns it will withstand 
30 kV. between turns. This reinforce- 
ment applies not only to the line end 
but to the neutral end also, since it is 
found that although the neutral may be 
solidly grounded there is the possibility 
of very severe surges occurring at the 
neutral end. 

An important point in the arrange- 
ment of the windings and insulation is 
the careful provision that has been made 
for reducing the temperature difference 
between the copper and the oil by 
thorough distribution and adequate cir- 
culation of the latter. 

Since the neutral is solidly grounded, 
and the insulation is graded, the test applied is 
an induced voltage of 2-73 times the voltage to 
ground, which means that under test conditions 
the line ends of the three phases are raised to a 
pressure of 208 kV. above ground, and the voltage 
between the ends of the phases is 360 kV. In 
order that the effect of this pressure may be re- 
duced as much as possible the winding of one 
phase is inverted so that the line end is at the top 
in the centre phase and at the bottom for the other 
two phases. The line ends of the H.V. winding 
are brought out by means of flexible stranded 
cable which is passed up through the centre tube 
of the bushing to the cap at the top. The bush- 
ings are of the condenser type, built up with 
alternate layers of bakelised paper and tin foil 
in the usual manner. The outer ends of the 
bushings are protected from the weather by means 
of porcelain rain shields, and arcing horns are 
provided at the flange to prevent cascading under 
flashover. The dry flashover voltage of these 
bushings is 400 kV., and under wet conditions the 
flashover pressure is 320 kV. 

The regulating winding on the H.V. side is 
arranged to give plus and minus 10 per cent. 
variation in steps of 1-43 per cent. This involves 
fifteen voltages, and with the ‘‘ English Electric ” 
scheme there are seven sections of regulating 
winding in the main transformer and nine leads 
have to be brought out. These leads are brought 
through condenser bushings mounted in a pocket 
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Fig. 2.—Camshaft Type of On-load Tap-changing Gear as used on the 


Transformers shown on pages 13, 15, 16 and 17. 


at the top of the side of the main tank, and by 
means of contactors are connected to an auto- 
transformer which has a mid-point connected 
back to the main transformer winding. When 
the auto-transformer is connected across any 
pair of consecutive tappings a voltage corre- 
sponding to half-way between these tappings is 
obtained. On alternate steps the auto-trans- 
former is connected to one tapping only, in which 
case the voltage of this tapping is obtained. The 
contactor gear shown in Fig. 2 is operated on the 
well-known inglish Electric ’’ camshaft con- 
troller principle, by a series of double-acting cams 
and toggle mechanism which ensure correct 
sequence and positive operation with a quick- 
break action. The motor-operating gear is 
mounted in a separate chamber the 
contactor chamber, and is remote-controlled 
from the main switchboard. Control circuits 
are arranged so that the tap-changer on any 
transformer can be operated individually or 
the tap-changers of all the units in a substation 
can be controlled simultaneously. Under the 
latter condition a “ Klaxon” gives warning if 
one tap-changer gets out of step with the others. 
A dial lamp indicator shows which tapping 
is in use. The operating gear consists of 
a motor geared to a_ striker shaft which 
makes one revolution for each tap position ; 
for 70° of its revolution the striker engages 
with a large toothed wheel and moves 
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the latter through one tooth pitch, corresponding 
to the camshaft effecting one tap change. 
Coupled to the striker shaft is a drum controller 
which is connected to the motor control circuits, 
and serves to limit the travel of the mechanism 
after each tap change. The mechanism is locked 
by means of a follower cam on the striker shaft 
which engages with a locking plate attached to the 
toothed wheel. Hand operation is provided, and 
the design is such that a single turn of the hand- 
wheel performs one complete tap change. 

On page 17 is seen the general arrangement of 
the contactor chamber and the auto-transformers 
mounted below. The connections between the 
two are made through trunks, and the whole of 
the apparatus is oil-immersed. 

The advantages of the ‘“ English Electric ” 
arrangement for On-load Tap-changing may be 
summarised as follows :— 

a. The main transformer winding is as 
simple and reliable as it is possible to 
make it. 

6b. There are no parallel circuits in the main 
winding. 

c. No part of the winding is overloaded 
during the tap-changing process. 

d. The whole of the tap-changing gear and 
operating mechanism is external to the 
main transformer tank. 


The main tank consists of an exceedingly 
strong welded structure so designed that the 
complete unit with oil can either be lifted by a 
crane or jacked up from the bottom. It is sup- 
ported on a massive welded steel base fitted with 
swivel ball-bearing wheels. 

The cooling system consists of a number of 
detachable radiators fixed on three sides of the 
transformer tank. Each radiator consists of a 
rectangular header at top and bottom with a nest 
of elliptical tubes connecting them ; they are con- 
nected directly to the tank or to main transverse 
headers that communicate with the tank through 
two large openings. Simple shut-off valves are 
interposed at top and bottom between the 
individual radiators and the tank or main 
headers, and between the latter and the tank, 
in order that the tank itself can be completely 
isolated, and any radiator emptied and removed 
independently for examination or replacement. 

The provision for increasing the radiation of the 
nests of tubes consists of two centrifugal fans 
mounted one at each of two corners of the 
transformer, as shown in Fig. 4. These 
fans are driven by  totally-enclosed motors, 
and deliver air into a horizontal main duct 
which passes round the tank underneath the 
radiators. From this horizontal duct narrow 
vertical ducts rise between each pair of radiators, 
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Fig. 3.—Arrangement of Oil Coolers for very large Transformers as described on page 16. The fans for 


auviliary air-blast and the circulating pumps are seen at the foot of the coolers. 
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and each of these risers has a_ pair of 
narrow outlets facing the radiator on each 
side of it at two points in the height. 
The outlets are provided with flared nozzles 
in order to disperse the air blast over the 
whole width of the nests of tubes. 

The fan motors are controlled from a 
cubicle, and are brought into service 
automatically by the winding tempera- 
ture indicator equipment when _ the 
temperature reaches predetermined 
value. The load at which this tempera- 
ture is attained naturally depends upon the 
atmospheric temperature and the load condi- 
tion to which the unit has been subjected ; 
under the extreme condition of an air 
temperature as high as 40 C., approximately 
75 per cent. of the full-load rating can be 
carried by these units with natural cooling, 
that is to say, without the fans coming 
into operation. 

For the largest sizes of transformers 
required for the Grid schemes the above 
mentioned arrangement of the cooling 
system is modified (see Fig. 3) by separating 
the radiators from the transformer tank and 
mounting them to form a_ self-contained 
cooler which is coupled to the tank by large diameter flow and 
return oil pipes. In the lower pipe through which the cooled oil 
returns to the transformer a pump is inserted which comes into 
operation simultaneously with the fan motors and assists the oil 
circulation. The pump is of such a type that it offers practically no 
resistance to the flow of oil when it is not running, i.e. under the natural 
cooling conditions. The forced air cooling of the cooler is produced by 
a fan mounted immediately underneath it which delivers air on to 
the radiators in a similar manner to that already described. 

Two of these coolers are used for each transformer, an arrangement 
which has the incidental advantage that one may be taken out of 
service temporarily for cleaning, etc., and the unit will still carry a 
proportion of its load. Another important detail is the careful pro- 
vision that is made within the transformer tank for guiding the 
circulation of the oil to the core and windings in the most effective 
manner. In this design an oil expansion vessel is mounted over each 
of the coolers. 

The units illustrated have two dial type temperature indicators 
mounted on the side of the tank, one to indicate the oil tempera- 
ture and the other the winding temperature. The latter is actuated 
by means of an inglish Electric’ winding temperature device 
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Figs. 4 & 5. 


The Yoker Substation of the Central Scotland Electricity Scheme. The illustrations show 
two 132 kV., Three-phase Transformers each of 15,000 kV A. now in operation with On-load 
* Tap-changing Gear. The larger picture shows the Tap-changing equipments consisting of 
' the motor-operating gear at the top, with the switching cabinet connected by trunks to the three 
auto-transformers. The expansion vessels for the two units are mounted on a_ separate 

‘structure between them. 


' The. upper view, in which the 270-feet tower of the Clyde Crossing can be discerned, 
shows the two motor-driven fans for the auxiliary air-blast cooling of each transformer at 
high loads. Some of the narrow air nozzles can be seen between the radiators. 
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Fig. 6 & 7. On-load Tap-changing Gear of the Company’s 
latest design as used on 33 kV. Transformers for the Central 
Electricity Board. Complete transformers fitted with this 
apparatus are shown in the frontispiece, and in Fig. 12, 
page 26. The diagram shows the arrangement of the parts in 
the two upper divisions; the bottom tank contains the auto- 
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-O Indicates that Contact is made on Transformer Tapping 


Fig. 8.—Diagram and Chart showing sequence of the On-load Tap-changing Operations in the Gear illustrated opposite 
and described on page 20. The general principle for obtaining the various tap voltages is the same as on the 
132 kV. units already described. 


which is specially constructed to measure the column of coils and arranged so that whatever 
true winding temperature with a negligible combination is in use, the windings are retained 
amount of time lag. as symmetrical as possible. The tappings are 

In addition to the 132 kV. primary trans- brought up by insulated cables enclosed in a 
mission lines of the Grid, the Central Electricity 
Board are erecting also a number of secondary 
lines most of which will operate at 33 kV. 
Examples of transformers for use on these lines 
are illustrated in the lower views of the 
frontispiece. All of these units are provided 
with On-load Tap-changing Gear, and are cooled 
entirely by natural radiation, i.e., there is no 
auxiliary air-blast equipment as in the case of 
the 132 kV. transformers. 

The cores are constructed in a similar manner 
to those of the 132 kV. units already described, 
but for sizes below 10,000 kVA. the usual 3-limb 
core is used. The windings are arranged in the 
single concentric manner, the H.V. winding, 
consisting of a number of disc coils, being 
outside the L.V. winding, which is of the con- 
tinuous spiral form. 

In this case also the tappings are on the H.V. Fig. 9.—Plan View of the operating mechanism of the 
side; they are situated at the centre of the On-load Tap-changer illustrated on the opposite page. 
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bakelised paper tube to a point opposite the 
bushings in the tank side, and are taken through 
these to the tap-changing apparatus. The various 
tap voltages are obtained by the use of an auto- 
transformer in practically the same manner as 
described in connection with the 132 kV. units, 
but the switching equipment is of the Company’s 
improved design as shown in Figs, 6, 7, 8 and 9. 

The various connections for each phase are 
made by means of a selector switch mounted 
between two vertical plates of heavy insulation. 
This switch works in conjunction with two con- 
tactors, the complete group being driven from 
one motor and mechanically connected so that 
the timing and sequence of the operations 
are definitely fixed. Apart from the necessary 
modifications to the mechanism, the only im- 


portant point in which the general arrangement 
of the parts differs from the 132 kV. tap-changing 
equipment lies in the incorporation of the auto- 
transformers in the lower part of the tap-changer 
structure in a separate oil-filled tank. As before 
the whole of the switching gear is oil-immersed. 

The tanks of these units are of heavy boiler 
plate and have half-round ends. The _ tap- 
changer structure is mounted on one side but is 
detachable for transport. On the remaining sides 
of the tank are fitted radiators of the same type 
as those described earlier in this article. Con- 
nection to the windings is usually made through 
porcelain bushings of the outdoor-type, but in 
some cases cable boxes are provided for coupling 
up to single-core cables. 


Progress of Transformer Design. 
Pressures, Outputs and Cooling Methods. 


Any attempt to appreciate at their proper 
value modern developments in the use and 
manufacture of static transformers necessitates 
some consideration of the historical side of the 


Fig. 1.—A 30 kVA., 2,000-volt, 40-cycle Transformer 
supplied to the Derby Corporation in 1894. 


subject, since many principles of design now being 
used were employed in the earliest transformers 
made. 

Fig. 1 illustrates an air-cooled transformer 
supplied as far back as 1894 by one of the 
Associates of the English Electric Company. 
The feature of interest is the use of the Semi- 
Core construction which has recently become 
standard for small single-phase transformers built 
by this Company. But although the principle 
of design is not new, tremendous advances have 
been made in the physical properties of the 
materials, and in details of design, which are 
reflected in the performance, and of course in 
the cost. This is illustrated in the following 
table :— 


Old Modern 
Transformer Transformer 

Iron loss, watts nae 570 200 
Copper loss at 75° C., 

watts... 400 700 
Total loss at 75°C., 

watts... $70 900 
Weight of copper, Ibs. 500 190 
Weight of iron, lbs..... 1000 250 
Total Weight, lbs. ... 1840 520 
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A further development of this type of trans- 
former is known as the Distributed-Core type, 
an example of which is shown in Fig. 2. This 
design is now used when very high efficiency is 
desired and considered to be economically justi- 
fiable in spite of the increased cost of the unit. 
Investigation \shows that this type was being 
supplied by an Associated Company as far back 
as 1893. 

Recent developments have included a very 
rapid increase in the voltage of transformers. 
Here again, it is of interest to find that in 1890 
a 50,000-volt unit was manufactured by the 
same Company, and that it is still in operation. 
This transformer, in spite of its 50,000 volts, is 
actually air-insulated, and in this connection it 
may be observed that many of the highest 
voltage laboratories existing to-day are equipped 
with air-insulated transformers, as for example, 
the million-volt testing equipment at the National 
Physical Laboratory. The transformer in ques- 
tion was wound with cotton- 
covered wire, and the main 
insulation consisted mostly of 
rubber applied in layers 2 m.m. 
thick. Another interesting feature 
is that although it is a single- 
phase unit the windings are 
arranged on three limbs. This 
style of design is sometimes put 
forward to-day for very large 
single-phase transformers, the 
reason being that the height can 
thus be reduced sufficiently to 
permit the transformer to be 
despatched completely assem- 
bled. 

The unit was used for demon- 
strating purposes at the Crystal 
Palace Exhibition in 1892, and 
Fig. 3, reproduced from 
“ Engineering” of September 
16th of that year, illustrates a 
flashover obtained at about 45,000 
volts; this was described as a 
very remarkable achievement. It 


built, and in that in- 
terval the maximum 
voltage used for test- 
ing purposes has been 
increased forty - fold, 
since at the present 
moment a two-million 
volt laboratory is in 
existence ; also trans- 
formers capable of 
operating on a 
380,000- volt —trans- 
mission system are 
being built. 

Next to the pheno- 
menal increase in 
working voltage the 
development in size of 
transformers is most 
spectacular. Fifteen 
years ago a_ 10,000- 


Fig. 2.—Example of Distri- 
buted-Core construction for very 
high efficiency. 


1s practically forty years since Fig. 3 —Flashover round the edges of a glass plate 2 ft. square at 45k va 
demonstrated in 1892. 
[Reproduced by kind permission of “Engineering.””! 


this 50,000-volt. transformer was 
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kVA. transformer was considered a mammoth, 
but at the present time 100,000-kVA. three-phase 
transformers are being built, and furthermore, it 
is possible so to construct such a huge unit that 
it can be despatched from the works to site by 
rail in its own tank and covered with oil. Fig. 4 
shows a model of a 60,000-KVA. three-phase 
132-kV. transformer on the specially-constructed 
truck that will be used for its transport. The 
complete transformer will weigh approximately 
125 tons. This weight is small, however, com- 
pared with some single-phase units forming 
100,000-kVA. banks, recently built in America. 
Each unit is provided with four windings, the 
bank being used for interconnecting four different 
systems, one operating at 220 kV., and the test 
on the windings for this system was 570 kV. 
tach single-phase unit as arranged for despatch 
weighed about 120 tons, and when complete and 
ready for service its weight is approximately 
300 tons. Although it has not yet been found 
necessary in this country to build transformers of 
this size, it may be remarked that 75,000-kVA., 
132-kV., three-phase units are being built at the 
present time for the National Electricity Schemes. 

The reference in the last paragraph to a multi- 
winding transformer raises an interesting subject. 
For the vast interlinking schemes now being 
proposed all over the world, it has been found 
necessary to use transformers arranged for 
coupling together more than two systems. This 
presents some interesting problems of design, but 
it is quite possible to build such transformers, and 
also to provide voltage-regulating equipment in 
the form of On-load Tap-changers on the various 
windings. An example of multi-winding 
transformer is illustrated in Fig. 5. Fig. 6 shows 
a three-winding transformer of extremely small 
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Fig. 4.—Model of Special 120-ton Truck with 60,000 kV A., 132kV. Transformer. 


output considering it is for service on a 66,000- 
volt system ; all windings have the full capacity 
of 50-kVA, 

One of the most important problems in trans- 
former design is that of adequate provision for 
dissipating the heat generated in the core and 
windings. The earliest transformers were air- 
insulated, and were cooled simply by natural 
radiation and convection. After a few years 
transformers were put into tanks filled with oil, 
which not only gave greater safety from the 
point of view of voltage stresses, but also provided 


Lig. 6. \,WOkV A, Three-winding Transformer for Brazil. 
4OkVA2ZKV 2.4 kh V., 60 Cycles with Tapping Switches on 
all Windings. 
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Fig. 6.—50 kV A., Three-winding Unit to be fed at 66 kV. 
or 33.kV., and to give 7,600 volts and 400 volts on the L.V. 
Side. Tapping Switches are fitted on the H.V. Side. 


a most effective means of transferring the heat 
generated in the core and windings to the radiating 
surface. The first tanks were plain, which 
certainly is the most efficient type for radiation 
of heat. With the demand for greater and greater 
outputs, it was found necessary to develop a 
different type of tank. It was, of course, still 
possible to use a plain tank of sufficient surface, 
but the volume of such a tank would have been 
so great, involving a very large quantity of oil, 
that the design would have been very expensive. 
Therefore the first development was to use a 
fluted tank surface, which, in spite of its lower 
emissivity coefficient, enabled comparatively large 
transformers to be built economically. Fig. 7 
shows such a tank. 

» A limit of output was again reached with 
this type of tank, which is somewhat weak 
mechanically, and consequently another type was 
developed. This consisted of a plain boiler plate 
tank into which round tubes were welded in one 


or more layers to give the necessary radiating 
surface ; tanks of this type are shown in Fig. 8. 
This construction is much stronger, and it can 
be used quite economically for transformers up 
to say, 4,000 kVA., above which it is not only 
uneconomical, but it becomes too difficult and 
unwieldy to handle easily. 

A later development of the tubular tank is the 
employment of elliptical tubes with their major 
axes normal to the tank surface as illustrated in 
Fig. 9. This allows a much greater area of 
cooling surface to be accommodated within a 
given overall perimeter. 

When still larger outputs were called for 
engineers showed a preference for natural cooling, 
since in spite of its comparatively high cost, it 
eliminates auxiliary apparatus and reduces super- 
vision to a minimum. Hence a new departure 
was made in that the radiating surface was 
provided in nests of elliptical tubes welded into 
headers to form detachable units ; an example of 
this design will be found in the frontispiece. By 
providing on the tank simple valves to which the 
headers are connected, the radiators can be 
isolated, drained of oil, and removed without dis- 


Fig. 7.—Example of a Transformer with Fluted Tank. 
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Fig. 8.—An 


* English Electric’? Outdoor Sub-station near Chesterfield. = transformers, which have 


tubular tanks, are three-phase, 3,000 kV A., 33 kV. units. The equipment includes Oil Breakers, Metering 
Equipment and Feeder Protection. 


turbing the oil in the main tank. The dimensions 
of such a transformer when prepared for shipment 
in this way are only those of the main body of the 
tank. This design enables very big naturally- 
cooled transformers to be built and transported 
in their own tanks and covered with oil. This is a 
very important point since it avoids having to 
dry out the transformer on site, which, in most 
cases, is a comparatively difficult and delicate 
matter. A transformer of this type for 40,000 
kVA. has recently been built in America. 

In another article in this issue dealing with 
transformers for the National Electricity Scheme, 
a description is given of the cooling equipment by 
which they are enabled to give at least half their 
normal load with natural cooling, while for higher 
loads the extra losses are dissipated from the 
same radiating surface by blowing air on to the 
radiators. A modification of this type of cooling 
described in the same article and shown in Fig. 
3, page 15, is that in which the radiators form 
a self-contained cooler mounted apart from the 
transformer, and a special pump is used to 
accelerate the oil circulation. An _ interesting 
development of the radiator type of tank has been 
made in U.S.A., whereby each radiator is pro- 
vided with its own small fan and motor. This 
has the advantage that the motors may be started 


up in groups depending on the load on the trans- 
former ; moreover, it is not a serious matter if 
several motors are out of commission, since they 
can be replaced without shutting down the unit. 


Fig. 9.—Tank with Elliptical Tubes. This unit is for a 
12,450 kVA., IL kV., Three-phase Bank, for Federated 
Malay States. 
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A bank of these transformers 
built recently is capable of 
100,000 kVA. with natural cool- 
ing, and 140,000 kVA. when the 
auxiliary cooling is brought into 
operation. 

Until recently, in most artifi- 
cially cooled transformers water 
was the cooling medium. Many 
years ago when it was found that 
naturally cooled transformers of 
large size were too expensive, the 
first suggestion was to use water 
in a cooling coil located in the oil 
at the top of the tank. By this 
means there was practically no 
limit to the amount of heat that 
could be dissipated, and conse- 
quently very economical trans- 
formers were possible. Fig. 10 
shows units of this design. |The 
cooling coil is usually arranged in 


Fig. 10.—5,000 


kVA., Three-phase Water-cooled English Electric 


several parallel circuits in order — Transformers operating on a 40 kV. System in Brazil. These units hare two 


to reduce the water pressure 

required, and it is possible by this construction, 
coupled with the provision of an expansion 
vessel for the oil in the main tank, to 
arrange so that the pressure of oil surrounding 
the cooling coil is greater than the pressure of 
water inside it. Thus it is impossible for water 
to escape into the oil if a leak develops in the 
pipe. The earlier cooling coils being made of 
iron, troubles were experienced due to corrosion, 
and transformer failures resulted. Some de- 
signers decided that there was no reason to change 
the scheme, but that the cooling coil should be 
made of copper, and this proved so satisfactory 
that transformers with an internal cooling coil 
are now almost universal in U.S.A. for large 
outputs. 

When the first difficulties were being ex- 
perienced, some designers suggested that the 
water cooling should be done in an entirely 
separate piece of apparatus, and this resulted in 
the development of separate coolers with a pump 
for circulating the oil between the main tank and 
the cooler, which usually consists of a casing 
containing a nest of tubes similar to the ordinary 


secondary windings. 


surface condenser. Fig. 12 shows a transformer 
in which this type of cooling is employed. 

Referring again to transformers in which 
provision is made for the dissipation of losses by 
natural radiation into the surrounding air, a 
development now being considered is based on 
the fact that the heat capacity of air is very 
considerably increased if the air is humidified. 
The suggestion is that the cooling suface should 
be lagged with an absorbent material kept moist 
by means of water, of which only a small quantity 
would be required. Experiments show that this 
very greatly increases the cooling efficiency of the 
radiating surface, and assuming that a water 
supply is available, it would result in an economical 
cooling equipment. 

Although, as stated above, the first transformers 
made were air-insulated, and naturally cooled, in 
later years perhaps 95 per cent. of all transformers 
have been of the oil-immersed type ; in spite of 
this, certain users still adhere to the old type, and 
in some cases, even when the size is too big for 
natural cooling, air-insulated transformers with 
air blast cooling are installed. Fig. 11 shows a 
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Fig. 12. 
A 10,000 kVA., 3-phase 
Forced Oil-cooled Trans- 
former with On-load Tap- 
changing Equipment for 
use on a 22,000-volt system 
in Australia. 
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Fig. 11. 


A Bank of Air-insulated, 
Air-blast Transformers 
operating in London. Part 
of three “English Electric” 
2,000 kW. Traction Rotary 
Convertor Equipments. 


THE ENGLISH ELECTRIC JOURNAL. 
bank of single-phase transformers of 
this type. For the larger sizes it is 
found preferable to use the shell type 
of construction since this design leads 
to a better distribution of cooling air 
through the windings than a core-type 
transformer ; an example of the former 
is shown in Fig. 13. Nevertheless, the 
latter type can be used effectively for 
the smaller outputs. 

A fundamental necessity with air- 
insulated transformers for air-blast cool- 
ing is that the treatment applied to 
the windings shall be such that it 
results in a very hard and smooth 
surface to which the dust which may 
come through with the air will not cling 
and thereby impede the cooling; also 
the surface must be such as to radiate 
heat as efficiently as possible. Fortun- 
ately, an extremely good air-drying 


Fig. 13.—Core and Windings of one of the Units 


shown in Fig. 11. 


PRICE 


PRICE 


CURVES SHOWING COMPARATIVE PRICES 
FOR TRANSFORMERS OF MEDIUM VOLTAGE 
WITH ALTERNATIVE METHODS OF COOLING 


100 7 t 
60 
80 
o 


KVA. 10,000 20,000 30,000 40,000 50,000 60,000 


AB = Air-insulated, Air-blast. 

ON = Oil-immersed, Natural-cooled. 

OW = Oil-immersed, Water-cooled. 

OFW = Oil-immersed, Forced Water-cooled. 


Fig. 14. 


varnish has been discovered which gives an 
extraordinarily good finish to the windings, 
and transformers examined after years of service 
have shown the windings to be practically as 
good as new. ‘Transformers of this type can 
be built only for pressures of certainly not 
more than 20,000 volts. As an example of 
the large outputs to which this design has been 
extended it may be mentioned that some 
18,500-kV.A., 3-phase, 25-cycle units are now 
in operation. 

Fig. 14 shows the comparative costs of trans- 
formers with various types of cooling for a wide 
range of outputs, and in so far as capital expendi- 
ture alone may influence the type of cooling 
these curves are of considerable interest. 
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Transformer and Switchgear Bushings 


for High 


The purpose of a bushing is to lead current 
through the earthed tank or casing of the trans- 
former, switchgear, or other electrical apparatus. 
It consists of an insulated conductor fixed by 
means of a flange cemented or shrunk on to the 
solid insulation. For low and medium voltages, 
where space is not too restricted, porcelain is 
generally used. As we know from other insula- 
tion problems, increasing voltages demand greater 
thicknesses of the insulating material or dielectric ; 
as the maximum wall thickness of porcelain 
that is electrically sound is limited, it is necessary 
to use combinations of dielectrics in bushing 
designs. Oils and plastic materials are suitable 
substances to fill up the space between the con- 
ductor and the porcelain, the latter forming the 
container with a suitable outside diameter to 
prevent undesirable discharges from the flange 
to the conductor either radially or along the 
outer surface. Fig. 1 illustrates these two possi- 
bilities of electrical failure of such a bushing. 

It is therefore necessary for the designer to 
know all about the conditions of electric stress 
along these two main paths. In the radial 
direction he has to ensure that the potential 
gradient under service—and test—conditions is 
below the breakdown gradient of the dielectric at 
any point. 

The field intensity in such a_ concentric 
arrangement of two metal electrodes is a 
maximum at the surface of the inner electrode, 
and, as the result of experience, critical values 
have been determined for the dielectric substances 
the designer has to use. 

In the axial direction, i.e. along the surface of 
the bushing, starting at the flange, no discharge 
whatsoever should be present at the working 
voltage, and no excessive discharge should be 
allowed at the test pressure, as this might lead 
to the external flashover of the bushing. 

It has been found by experiment that the 
beginning of the first form of discharge coincides 
with a radial stress of 11 kV./em. in an imaginary 
thin film of air between the flange and the dielec- 


Voltages. 


’ 


tric. This discharge, known as “ strip discharge,’ 
is a linear function of the voltage, increasing in 
length at the rate of 1 em. per 5,000 volts (approx- 
imately). These values are inversely proportional 


PORCELAIN 


t FLANGE 


COMPOUND 


CONDUCTOR 


Fig. 1.—Parts of a Bushing showing paths of possible 
failure. 
to the dielectric constant of the insulating material 
and it is therefore advisable to use insulation of 
low dielectric constant in order to reduce the 
dimensions of the bushing. This helps to explain 
why oil of dielectric constant, 2-3, as against 5 
for porcelain, is used for high voltage bushings, 
the dielectric properties being improved by 
interposing thin cylindrical barriers to break up 
the radial leakage path. In addition, the flange 
electrode is immersed in the oil so that the above 
mentioned strip discharge cannot take place. 
Radially the oil is still unevenly stressed, the 
maximum stress being at the conductor; in- 
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sulating the latter with a paper tube makes some 
improvement. 

There is one type of bushing where this non- 
uniformity of stressing is almost eliminated. As 
early as 1905 R. Nagel patented the principle 
known as the Condenser Bushing. He showed how 
it was possible to make better use of the high 
dielectric qualities of the insulating medium, thus 
reducing the size of the insulator. If we reconsider 
Fig. 1 for a moment, we see that this bushing 
represents a condenser, the conductor being one 
electrode and the flange the other. If the spacing 
of these electrodes is very small the difference in 
the value of the electric stresses at their surfaces 
is negligible; whereas on a bushing having a 
conductor of say ? in. diameter, and a flange 
diameter of about 4 in., this difference is of the 
order of 5 to 1. The object of the patent was to 
sub-divide the one capacity into a series of 
capacities by interposing a convenient number 
of very thin metal foils. If the condensers so 
formed are all of the same capacity then each of 
them will have to bear the same voltage with a 
practically even stressing of the dielectric right 
through the wall thickness. Fig. 2 illustrates a 
Condenser Bushing. 

With equal radial spacing of the foils, their 
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FLANGE 


—¢— LOCUS OF EDGES OF 
CONDENSER FOILS 
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Fig. 2.— Elements of Condenser Bushing. 


edges lie on a parabolic curve, and have the same 
potential difference between one another; in 
other words, the potential drop along the surface 


500 of the bushing (path A Fig. 1) is 
- not quite regular, thus slightly 
es reducing the maximum possible 
ri flashover voltage obtainable. 
ie J With equal potential distribu- 
‘ surfac 
“ia ¥ wea tion along the surface of the 
bushing, the radial stressing 
2 y, 
becomes unequal, owing to the 
= . . . 
g -: variation in the spacing of the 
250 / foils. A compromise of the two 
ideal arrangements will give prac- 
= > . . . 
> 200 tical satisfaction. To enable the 
electrical engineer to use the 
condenser principle whenever a 
bushing problem presents itself, 
100 
/ he should remember that the 
- surface of the conductor embed- 
ded in the insulating material, 
should be as nearly as possible 
0 100 200 300 400 500 600 700 800 900 1000 §=61100 = 1200 
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Fig. 3.—Relation between Creepage Length~and* Flashover Voltage. 


equal to the surface of the flange 
or earth electrode, bearing in 
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mind that the overall length of the bushing 
is the sum of the two creeping lengths on 
either side of the flange, and the length of 
the latter. 

The creeping lengths necessary for the 
different flashover voltages are a matter of 
experience, and the curves of Fig. 3 give 
some information on this subject. It is 


C1 C2 


understood that these figures apply particu- 
larly to bushings made of synthetic resin 
treated paper. Special machines are neces- 
sary, the paper being wound on to the 
conductor under the action of heat and 
pressure to produce a homogeneous material. 
Metal foils of the right width and length are 
wound in with the paper at the specified 
time. If the resin is of the bakelite type a 
careful baking process has to succeed the 
winding operation in order to convert the 
resin into the chemically inert state and 
produce, in conjunction with the special insulating 
paper, a product having excellent heat resisting 
properties. 

At this stage of manufacture the insulator has 
to undergo most severe tests to prove its electrical 
soundness. As we know, every condenser, with 
the exception of an air condenser, when electrically 
stressed develops losses due to dielectric hysteresis 
in the insulating material. These losses, or an 
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Fig. 4.—Schering Bridge. 


equivalent factor—the power factor of the bush- 
ing—are conveniently measured by means of a 
Schering Bridge of which a diagrammatic repre- 
sentation is given in Fig. 4. C1 represents the 
insulator under test; the galvanometer is of 
the vibration type. 

Measurements are generally made with the oil 
end of the bushing immersed in transformer oil at 
90° C. So far, watt loss measurements have mainly 


pad 


been carried out by the makers of the 
bushings with the object of safeguard- 

of ing themselves against the supply of 
tl material which might not stand up to 
service conditions. There can be no 
doubt that firms not having the 
necessary testing facilities have sold 
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material which, in some _ instances, 
has given trouble in service due to 
high losses, resulting in heat accumu- 
lation inside the dielectric and causing 
theelectrical breakdown of the material. 
The constant use of the Schering 
Bridge has enabled manufacturers to 
improve the quality of their materials, 
and to establish figures for the power 
factor or the losses of each type of 


Fig. 5.—Variation of Losses in Bushing with Duration of H.V. Test. 


bushing. 
It is one of the main conditions 
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Fig. 6.—A Group of Condenser Bushings (reproduced by 
kind permission of Messrs. Micanite & Insulators, Ltd., of 
London). 


This 30,000 kW. Turbo-alternator 
Set in the power-house of the 
West Ham Corporation is_ the 
Largest Unit for 3,000 r.p.m. yet 
installed in this country. 

The Alternator is a_ two-phase 
machine. 
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that the watt loss be measured at the rated 
voltage of the bushing or above, the oil end 
being immersed in transformer oil at 90° C.; the 
losses reach a final asymptotic value when the 
bushing is stressed over a period of several hours, 
see Fig. 5. 

A condenser bushing for 132 kV. working 
pressure as used on the grid schemes will start 
off at about 15 watts, and reach its maximum 
value of about 32 watts under continuous stressing 
of 150 kV. at 90° C. oil temperature. The watt 
loss at the phase pressure of 76 kV. will be less 


762 
than 32 x 50? = 8 watts on a transformer at 


maximum oil temperature, and considerably less 
on switchgear where the oil does not reach such 
a high temperature. 

It has to be mentioned that bushings for 
outdoor use are shrouded with porcelain over 
the air part, the space between the varnish-paper 
body and the porcelain being filled with special 
insulating compound. Of the different types 


of bushing, the condenser type has the smallest 
dimensions, and is therefore the most suitable 
type on which to mount current transformers, or 
to make provision for bringing out tapping leads. 

Fig. 6 shows a range of condenser bushings 
for outdoor use up to 132 kV. 
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PORCELAIN INSULATORS 


EXTRA HIGH TENSION AND LOW TENSION 
for | 
OVERHEAD POWER TRANSMISSION, TELEGRAPH | 
AND TELEPHONE LINES, BUSHINGS, ACCESSORIES, 
&c., IN HIGHEST GRADE ELECTRICAL PORCELAIN. 


“FISH-SPINE” INSULATING BEADS 
for Bare-wire Insulation 


TAYLOR, TUNNICLIFF & CO., LTD. 


Head Office: EASTWOOD, HANLEY, STAFFS. 


Telephone : Hanley 5272. Telegrams: Eastwood, Hanley. 


Works: HANLEY, STONE & LONGTON. 
London Office: 110, CANNON STREET, E.C.4. 


Telephone : Mansion House 7211. 


THE WuiteHeAD LETTER FILE GoMPANY 


Inventors and Patentees of numerous Devices for the Filing of Letters, Records 
and the like. 


Manufacturers of Filing Supplies—but not of Filing Cabinets—for most Letter 
Filing Systems. 


The neatest and tidiest Vertical Filing System is ours: the Files 
cannot ride-up in the Drawers. Ask for a sample Double-Cut File. 


Makers of Covers for Sectional Catalogues, for Estimates, for Works Stores Supplies 
and for Working Drawings. 


Any kind of cover from the delicate artistic to the tough and untearable. 


Proprietors of that very excellent Paper fastener—The Owl Clip. 


“ An eye for Business ? One too few ! 
Observe this Clip : This Clip has two.” 


Sole Consignees of the Swedish production—The Agrippa File. 
The Best Letter File made on the Continent of Europe. 


And, whenever there is Quantity, Quotations will be given for Loose Leaf Sheets 
and Indexes of most kinds. 


Hotspur Works, Powell Street, London, E.C.1. 
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THE ORIGINAL AND ONLY ALL-ELECTRIC FLOW 
METER. INTRODUCED IN 1910. TO-DAY THERE ARE 
MORE THAN 40,000 IN SERVICE IN GENERATING 
STATIONS AND INDUSTRIAL WORKS THROUGHOUT 
THE WORLD. 


ELECTROFLO METER 
YOUR WORKS WILL 
BRING YOU GREATER 
PRACTICAL BENEFIT THAN 
ANY AID 
STEAM ECONOMY 


Helpful, Interesting Literature 
Free on Request. 


ELECTROFLO METERS C9. LTO 


ABBEY ROAD. PARK ROYAL. LONDON. A.W.10 
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MARELLI 
ELECTRIC FANS 


A.C. SINGLE-PHASE CEILING FANS 


Maestrale - Maestralino - Maestralino Junr. - Condor - Airone. 


A.C. THREE-PHASE CEILING FANS 


Aliseo - Aliseino. 


OUR LATEST MODELS EMBODY ALL THE IMPROVEMENTS MADE 
AS A RESULT OF AN EXTENSIVE EXPERIENCE IN THE TROPICAL 
MARKET. 


MARELLI & CO., LTD., 


FAN HOUSE, GARLICK HILL, 
LONDON, E.c.4. 
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NESTA” 
SEATS AND SEATINGS 


FOR 
PUBLIC SERVICE VEHICLES. 


“NESTA” LUXURY SEATS ARE STRONG AND 
LIGHT IN WEIGHT AND ARE CONSTRUCTED 
WITH AN EYE TO BEAUTY OF LINE WITHOUT 
THE SACRIFICE OF “ BUILT-IN" COMFORT 
WHICH IS THEIR PRIMARY FUNCTION. 


Any type of seat can be supplied uphol- 
stered to suit customers’ particular 
requirements. 


Reversible 
Tramcar 


Write to-day for particulars and prices. 


Seat. 
Fquip IPMENT & ENGINEERING. 
2 & 3, NoRFOLK STREET, STRAND, W.C.2. 


(2 lines). 


London.” 


Mica, Leatheroid, Vulcanized Fibre 


EMPIRE CLOTH AND TAPE 


Bakelite Sheets, Tubes, Spools, etc. 


for Oil-immersed Apparatus and Transformers. 


BAKELITE RESIN, VARNISH & MOULDING POWDER. 
PRESSPAHN, FULLERBOARD, EBONITE 


ATTWATER SONS, 


Established 1868. 


PRESTON, ENGLAND. 


Contractors to the British, American, French and Italian War Offices and Admiralties. 
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LOCOMOTIVE FOR THE 
POST OFFICE TUBE RAILWAY 


—another 
example of 
English 
Electric 
engineering 


plus 


BATTERIES 


_— DP_—~_ 

KATHANODE 

"BATTERIES 
Booklet Free. 


Bakewell - Derbyshire. 
London: 11, Victoria St., 1. 
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q 
THE D.P. BATTERY CO., LTD 
Ss.D 
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Lh.p. or 1,000 h.p. trans- 
mitted with equal efficiency 


OR large or small horse-powers, high or low speeds, long or short 
centres—wherever power is to be transmitted efficiently and 
economically without slip, friction or vibration, Renold chains 

will provide completely satisfactory service. 

The two illustrations will serve to indicate the wide sphere of applica- 
tion and the adaptability of Renold Chain Drives for all power trans- 
mission purposes. 


1 H.P. Renold Stock Drive from 
motor to screw machine. 


RENOLD 
CHAIN DRIVES 


Complete Chain Drives from 1 to 100 H.P. are available 

for immediate delivery from stock. Specifications and 

prices are given in bocklet Ref. 016/03—copies free cn 
request. 


HANS RENOLD LIMITED, 
DIDSBURY, MANCHESTER. 


1,000 H.P. drive by 3 strands of Renold Duplex Bush 
Roller Chain from Steam Engine to 750 kW. Generator. 


PATENT ENCLOSED CIRCUIT AIR COOLERS 


for the ventilation of Turbo-Alternators are GUARANTEED 
to provide a continuous supply of cool, clean, dry air which can 
be relied on in any climate. Moreover, by means of this 
simple system, running expenses and risk by fire are reduced 
to a minimum. 

The following is a Small Selection of Names of Purchasers :— 


Aberdeen Corporation 
British Admiralty 
Barnsley Corporation 
Bradford Corporation 
Bedford Elec. Dept. 

Brush Electrical Eng. >... 


British Brown-Boveri Ltd. 

British Thomson-Houston 
Co. Ltd. 

Consett Iron & Steel > 


English Electric Co. Ltd. 
Edinburgh Corporation 
Formby Depot (L.M.8. Rly.) 
General Electric Co. Ltd. 
Glasgow Corporation 
James Howden & Co. Ltd. 


Hull Corporation 
London Power Loy: 


d Stn.) 
London Power on 
(Deptford 8tn.) 
Leicester Corporation 
Lancs. Dynamo & Motor 
Co. Ltd. 
Marylebone Corporation 
Metropolitan-Vickers 
Electrical Co., Ltd. 
Newport (Mon.) Corp. 
Ocker Hill Generating Stn. 
Oerlikon Ltd. 
Peterboro’ Corporation 
Preston Corporation 
Powell Duffryn 8.C. Co. Ltd. 
8. Wales Power Co. Ltd. 


Met. Borough 
Stockport Corporation 
8t. Pancras Boro’ Council 
Woolwich Corporation 
Worcester Corporation 
Yorks Elec. Power Co. 
Auckland Power Stn. N.Z. 
Adelaide Tramways 
Athens, 8t. Ceorge’s 
Power 8tn. 
Centrale de Droogen- 
bosch (Brussels) 
Capetown Suburban Rly. 
Eastern Bengal Rlys. 
Perak Power Station 
State Coal Mines (Holland) 


Etc., Ete. 


Please send for descriptive Literature. 


HEENAN & FROUDE, LTD., 


WORCESTER . ENG. 


ILLUSTRATION SHOWS TYPICAL “‘HEENAN” ENCLOSED CIRCUIT AIR COOLING UNIT (Note Hinged Doors to facilitate cleansing of Tubes). 


| 
g ~¥ 
| 
~ 
j 2 
ri 
- 
: 
a 
} 
; 


XVII THE ENGLISH ELECTRIC JOURNAL January, 1930. 


THE PIONEER 


\ B 


Please 
Enquire for 
Brochure 
No. 16. 


“There’s no sense in going further—it’s the edge of cultivation.” 
ipling. 


freely in the attempt to win better and still better value for the users of their products and 
whose trail of progress is blazed by rejected ideas and scrapped equipment. 


EBONY “SINDANYO” represents seven continuous years of scientific investigation in the 
laboratory, the workshop and in service; it is no accident, as are the materials it is rapidly 
superseding, but is to day exactly what we intended it to be when first we set out to produce it, 
ten years ago. 


[ an Industry, if it is to survive, there must always be those that give brains and capital 


There is no valid reason why any manufacturer of Switch and Control Gear should continue to 
mount apparatus on the unscientific materials that were only just good enough at the birth of the 
Electrical Industry and which, under to-day’s conditions, are fundamentally unsound, when the 
use of Ebony “Sindanyo” not only raises the standard of quality of the complete product, but 
actually materially reduces the total cost of production of the unit. 


One of our Engineers is at your service at all times to discuss this unique material with you. 


SindanyO 


INSULATING BOARD. 
DIELECTRIC: HOMOGENEOUS: STRONG: 
TURNERS ASBESTOS CEMENT LTD., 

i TRAFFORD PARK, MANCHESTER. 


99 


Ebony ‘“‘Sindanyo” 

Panels. Reproduced 

by courtesy of The 

English Electric Co., 
Ltd. 


2: 
4 Ww 
ANY 
| | 
CFH.6 


January, 1930. THE ENGLISH ELECTRIC JOURNAL 


CRAFTSMANSHIP THROUGH THE AGES 


OWN the ages skill, patience and 


and better work mark 


CRASKE 


5, East Harding St. London,E.C 


D 


the 


never-ceasing effort for better 


the 


progress of the true craftsman. 
The same urge to greater and 


Parallel Traditions still greater achievement dis- 
Craskemanship tinguishes Craske Engraving. 


Makers of Better Blocks’ 
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A “Manufacturing 
eminently 
suitable tor Quantity 


Production: 


Controls Centralised. 


Powerful and Rigid in 
construction and capable 
of sustaining maximum 
and accurate output. 


May we send you full 
details? 


ASSOCIATED BRITISH MACHINE TOOL MAKERS LTD., 17,Grosvenor Gardens, 
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MOTORS for 


TEXTILE DRIVES 


9 BHP. High-torque, Pipe-ventilated, 
Syuirrel-cage Motor driving Twist Ring 
Spinning Frame. 


This is one of 105 exactly 
similar machines for The 
Dunlop Rubber Company for 
extension of their Cotton Mill 
near Rochdale. Nearly 400 
motors, for individual drives, 
have been supplied for this 


extension—— 
aggregating 
1,600 BHP. 


The 


ENGLISH ELECTRIC 


Limited 


COVENTRY, PRESTON, RUGBY, STAFFORE 


Queen's House, London, W.C.2. 


THE ENGLISH ELECTRIC JOURNAL. XX 


TO 
ADVERTISERS 


Alfa-Laval Co., Ltd. on V 
Ash Company (London) Ltd. Il 
Associated British Machine 

Tool Makers, Ltd. XIX 
Attwater & Sons 
Broadbent, Thos. &Sons, Ltd. IX 


Craske, Alfred, Ltd.... XVIII 
Davy Brothers Ltd..... sets V 
D. P. Battery Co., Ltd. ... XV 


Electroflo Meters Co., Ltd..... XII 
English Electric 

Company Limited 
Equipment & Engineering Co. 


Ltd. 
Heenan & Froude Ltd. .... XVI 
London Electric Wire 

Co. & Smiths Ltd. 
Marelli & Co., Ltd. .... 


Mason, E. N., & Sons, Ltd..... VII 
Micanite & Insulators Co., 


Ltd. 
Mitchell Conveyor Co. Ltd. Ill 
Renold, Hans, Ltd. .... —.... XVI 
Siemens Electric Lamps & 

Supplies, Ltd. .... X 
Straker Brothers Ltd. ae 


Strathclyde Paint Co., Ltd. VIII 
Taylor, Tunnicliff & Co., Ltd. XI 


Turner’s Asbestos Cement 


Ltd. ton ‘om 
Westinghouse Brake & Saxby 

Signal Co., Ltd. .... om. 
Whitehead Letter File Co...... XI 


Yorkshire Copper Works, Ltd. | 


All communications respecting Editor- 
ial Contents and Advertising Rates 
should be addressed to The Editor, 
The English Electric Journal, 
Queen's House, Kingsway, W.C.2. 


When communicating with Advertisers 
please mention English Electric Journal. 
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We are Publishers of many Journals and 
specialise in Color Printing, Offset Litho 
and Letterpress. 


Power Relief Stamping and Account Book 
Manufacturers. 


You are invited to inspect our works by 
appointment. 


Straker, The le pret) 
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Specialised Tube.” 


Condenser Tubes — 
in Brass, 


Admiralty Brass, 


Aluminium-Bronze, 


Cupro-Nickel, 


(80/20,:170/30, 60/40) 


Deliveries from 
Stock. 


|) Mething Tubes 
LEEDS, ENGLAND. 
Telephones : 20031. Telegrams : ‘“ Tubes, Leeds.” 


LONDON OFFICE: 53, New Broad Street, E.C.2. 
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LEICESTER EXTENSIONS 


ez, 


Tred. 


25,000 kW., 3,000 RPM. 
“English Electric” Turbo-Alternator Set. 


This company has been associated with electricity 

supply in Leicester for many years. In 1922 they 

were main contractors for the erection and equipment 
of the New Central Power Station. 


Similar Multi-Cylinder units, some of even larger 
size, are in hand or recently completed for :— 


WEST HAM, SHEFFIELD, BRADFORD and 
YORKSHIRE ELECTRIC POWER COMPANY. 


The Mark of TE, High Efficiency 


ENGLISH ELECTRIC 


THE ENGLISH ELECTRIC COMPANY LIMITED. 
HEAD OFFICE:: 


Queens House, Kingsway, London.W.C.2. 


Works: BRADFORD, COVENTRY PRESTON, RUGBY, STAFFORD. 
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SHIP-UNLOADING, STORING AND CONVEYING PLANT. 


ST. GEORGES BAY POWER STATION, ATHENS. 
FOR, THE POWER AND TRACTION FINANCE COMPANY. 


OveR 400 MITCHELL PLANTS 
ARE TODAY HANDLING COAL, 
ASH, SAND, CEMENT, ORE, 
LIMESTONE AND SIMILAR BULK 
MATERIALS. 


THIS WIDE FIELD OF EXPERIENCE 
IS AT YOUR DISPOSAL FOR THE 
HANDLING OF MATERIALS IN 
WHICH YOU ARE INTERESTED. 


Weighing, discharging, elevating Complete Coal Unloading, Storing 
and transporting coal by ropeway and Reclaiming Plant for the 
across the river to Ribble Power Peterborough Corporation Electric 
Station, Preston. Supply. 


COMPREHENSIVE COAL HANDLING SYSTEM. 


UNLOADING—STORING—RECLAIMING AND CONVEYING WATER-BORNE AND RAIL-BORNE COAL AT 
FERRYBRIDGE POWER STATION FOR THE YORKSHIRE ELECTRIC POWER COMPANY. 


THE 


MITCHELL CONVEYOR CO. LTD. 
ATLANTIC HOUSE, 45-50, HOLBORN VIADUCT, LONDON, E.C.1. 
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BE. N. MASON & SONS LIMITED 


THE MANUFACTURING DRAWING OFFICE STATIONERS 


THE ARCLIGHT ELECTRICALLY-HEATED CONTINUOUS, 
PHOTO PRINT DRYING MACHINE. 
NEW MODEL 


INCORPORATING UNIQUE AND IMPORTANT FEATURES. 
THE MACHINE OF THE FUTURE. 


FEATURES OF THE NEW MODEL INCLUDE: 
(1) SELF TRACKING Conveyor Bands (patent applied for). 
(2) Grease Gun Lubrication throughout. 
(3) Direct-Coupled Power and Reduction Gear Unit. 


(4) The Drum Ends are made of Double Plates with 14 inch Air Space between. This 
conserves the Heat, thus increasing the Drying Speed. 


(5) Double Single-Acting Inspection Doors at both ends, allowing for Quick Cooling 
Down when required. 


(6) Perfect Drying and Ironing between the Double Conveyor Bands, and Positive 
Delivery. 


ARCLIGHT WORKS, COLCHESTER, ENGLAND. 


LONDON — BIRMINGHAM — MANCHESTER — NEWCASTLE.-ON.TYNE. 
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DE LAVAL 


NON-AERATING 


Centrifugal Oil Purifiers 


In many cases it is highly 
desirable that centrifugal pur- 
ification of oils should be 
carried out in such a way that 


the oil is not at any time 


A considerable number of 
De Laval Non-aerating Oil 
Purifiers are now in use for 
the purification of Insulating 


and Lubricating Oils. 


brought into contact with air. 
Centrifuging the oil without 
rhis requirement cannot be 
: bringing it into contact with 

met by any open type Oil Saar 
uriher, but can be met by 
be effected without risk of 

the use of the special enclosed 
contamination from motst- 


tvpe of De Laval Oil Puri- |. 
: A 50-gallon per hour De Laval Non-aerating ure, Cust, oxygen, etc. 
fiers. Oil Purifying Equipment. 


Full particulars of both the large and small machines which are now available will 
be sent on application to: 


ALFA-LAVAL CO. LTD., 
34, Grosvenor Road, London, S.W.1. 
Telephone: Victoria 7174-5-6. 


Sooner or later 
you will use 
a De Laval. 


Over 16,000 
De Lavals 
in daily use. 


; 
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DAVY” HYDRAULIC MACHINERY, 

ROLLING MILL PLANT & STEEL WORKS MACHINERY : 

HYDRAULIC PRESSU RE FU MPS TYPE Hydraulic uel cee over 60 years of 
FOR PRESSURES FROM 500 LBS. UP TO THE satisfactory service. 

HIGHEST REQUIRED. 

HYDRAULIC ACCUMULATORS 
OF ALL TYPES AND SIZES. 

HYDRAULIC PRESSES 
FOR FORGING, FLANGING, EXTRUSION, CABLE- F 
COVERING, LEAD PIPES, ETC. 

HYDRAULIC OPERATING VALVES 
OF NEW IMPROVED DESIGN. : 

ROLLING MILLS & ACCESSORY 

MACHINERY 

STEAM HAMMERS or aut ters. 
STEAM BOILERS oF tHE LANCASHIRE, 200-11.P. Pome. 
CORNISH AND VERTICAL TYPES. 
DAVY BROTHERS L” 
Established 1830 SHEFFIELD, England. 
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Untouched photographs of 132 kV. and other bushings in 
course of manufacture in our shops. 


High Tension Terminals & Bushings 
for Indoor and Outdoor Service. 


Condenser or Bulk Type Paxolin Insulators and Bushings 

for all voltages are manufactured to standard or special 

designs to meet every condition of service, and are supplied 

complete with fittings ready for assembly on transformers 
and oil circuit breakers. 


The Micanite & Insulators Co., Ltd., 


Walthamstow. 


Empire Works, 


Telegrams: Telephone: 
** Mytilite, Phone, London.”’ London, E.1 7. Walthamstow 2001. 
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niCROWATTS To KILOWATTS 


A small unit for 
Instrument work. 


DIRECT CURRENT jg 
FROM 


A.C. SUPPLY 


is most 
conveniently 
and 
economically = 
obtained by 
the use of 


A 6 kW. Set. 


[WESTINGHOUSE 
METAL RECTIFIERS 


which eliminate the disadvantages of valves, 
chemicals, moving parts, and their constant 
renewals. They require no maintenance or 
attention, and their high efficiency is maintained 
over practically their whole range of output. 


Send for descriptive leaflet D.P. 11h to 
The Westinghouse Brake & Saxby Signal Co., Ltd., 


King’s Cross, London, N.1. 
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ENTIRELY 
AUTOMATIC 


All Motor Users should write for New 
Catalogue (7th Ed.), containing much 
Technical Data. 


ADVANTAGES : 


Ensure Easy Starting of Motor against Full Load. 
Reduce Initial Cost of Motor and Switchgear. 

Reduce the Starting Current Consumption. 

Fast and Loose Pulleys Entirely Dispensed with. 
Reduce Wear and Tear of Motor and Driven Machine. 
Safeguard the Motor from Breakdown due to Overload. 


Centrifugal Clutches can also 
Suitable for Belt, Rope, Chain, Over 12,500 already supplied to many of e ‘ 
Gear ae Direct-Coupled Drives. the Largest Firms throughout the World. be supplied for Hand-Operation. 


Thomas Broadbent & Sons, Ltd., Huddersfield 


15810 Like). Pioneers and Original Makers of Centrifugal Clutches. «Fee 
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_ STRATHCLYDE PAINT Co. LTD., 


| Manufacturers of 


_ LEADS, PAINTS, COLOURS & VARNISHES 


Specialists in Paints for 
MACHINE TOOLS and all kinds of MACHINERY 


 Puralb ” Strathclyde ” Strathclyde ” 
White Lead Enamel Filling up & Anti-corrosive 
Substitute. Dull Steel Grey Paints. Oxide Paints. 


Contractors to Home & Colonial Governments, leading 
Railway Co.’s, Car. & Wagon Builders, Engineers, &c. 


STRATHCLYDE WORKS, DALMARNOCK, GLASGOW. 


Magnet wire unaffected 
temperature up to 150% 


Lewbestos insulated 
wire is unequalled- 


for use in the manufacture and repair of coils for traction, 
mining and mill motors; lifting magnets and all apparatus 
subject to severe temperature rise. 


Withstands a test pressure of 1,000 Volts between turns 
after long period working up to 150° C. (302° F.). 


LEWBESTOS is a pure Asbestos Fibre Insulation specially 
treated to remove all impurities, and it is moisture-proof 
and tough, but in spite of its toughness it will not crack 
or break on sharp bends. 


LEWBESTOS 


REGD. 
PURE ASBESTOS FIBRE INSULATION 


THE LONDON ELECTRIC WIRE COMPANY AND SMITHS LIMITED 
Church Road, Leyton, London, E.10. 


Telephone :—Walthamstow 2531. Telegrams :—Lewcos, Phone, London. 


Trade Counter and Cable Sales: 7, Playhouse Yd., Golden Lane, London, E.C. 1. 


= 
wcket 
No 
ith 
gt wit 
sul? os Fibre 
re Asbest 
| 
A 
w 
A | 
z 
| 
% ky kis 


THE ENGLISH ELECTRIC JOURNAL April, 1930. 


66,000 


Advertisement of Siemens Brothers & Co., Ltd., Woolwich, S.E.18. Tele: Woolwich 1161. 
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